INTRODUCTION
In the past 40 years, there was a significant reduction in the prevalence and severity of dental caries 1, 2 . However, oral health still constitutes a serious problem, especially in poor rural communities from developing countries, where social inequalities are severe 3 , and urban populations with middle or low-income [3] [4] [5] .
Chemical compounds used during treatment of infections associated with dental microbial biofilm in patients unable to maintain oral hygiene present several side effects when used for long periods 6, 7 . Thus, natural compounds such as propolis 8 , guajava 9 , cacao 10 , araça [11] [12] [13] , tea and other beverages [14] [15] [16] , and copaiba 17 have arisen as new and effective chemical agents against dental caries and other infections associated with oral microbiota. Natural products are largely used in traditional medicine or in the diet, especially in developing countries 12, 13, 18, 19 and might represent advantages over synthetic compounds, such as diversity, flexibility, accessibility, affordability and acceptance 20 . In addition, people concerned about the adverse effects of synthetic drugs have created a new commercial niche for oral hygiene 20 . In Brazil, the biodiversity observed in tropical forests and savannas offers a wide range of pharmacological and therapeutic compounds with intense activity on microbial biofilms and particular pathogens 21, 22 . Moreover, some plant extracts also present several desirable biological properties, such as anti-inflammatory activities 23 . Only a fraction of Brazilian biological diversity has been evaluated as a source of drugs. In addition, the Brazilian popular medicine is largely described, but most of the information contained therein has not been verified by scientific studies 24 and the transformation of extensive areas of savanna and transitional forests into commercial crops in the Central-Western and North-Western Brazilian borders may condemn several aspects of the traditional medicine and landscapes to extinction due to the destruction of the environment, pressure of commercial agriculture.
Indigenous and rural populations living in the savannas employ plants as analgesic, anti-septic, antiinflammatory and anti-diarrhea medicine 25 and for treatment of oral infections. Studies to characterize the anticariogenic potential of Brazilian plant extracts may be valuable to improve oral health in population with low income and noncompliant to conventional preventive procedures as well as encourage the preservation of the natural areas of the Brazilian savannah [11] [12] [13] 20, 21, 26 . The aim of this study was to evaluate the antimicrobial properties of aqueous crude extracts obtained from 23 plants from the Brazilian savanna on reference strains of S. mutans and S. sobrinus and clinical isolates. Plants were washed three-times in deionized water, allowed to dry in a dark room (initially at room temperature for 30 days and then at 37°C for 15 days) and grinded until a thin powder was achieved. In order to extract water-soluble chemical compounds, 25g of the leaves were decocted in 125 ml of deionized water for 5 min at 100 o C, at 55 o C for an additional 1 h and at room temperature for 3 days. The extracts were filter-sterilized using a 0.22µm cellulose membrane (Millipore) and the aqueous extracts were allowed to evaporate at 37 o C and resuspended in deionized water to achieve final concentration of 15 mg/ml 5 . The extracts were prepared immediately before use to avoid oxidation or were stored at -40 o C during 10 days 22 .
MATERIAL AND MÉTHOD
o Screening of antimicrobial activity of the extracts using an agar diffusion method Sterile filter paper discs (6 mm) were soaked with 20 μl of extract, so that each disc was impregnated with 0.3 mg of residue. The discs were dried at 37 °C overnight to evaporate residual water. The dry discs were applied to the surface of Mueller Hinton agar plates supplemented with 0.5% Tween-20, and previously inoculated with 10 8 CFU of the tested bacterial strain. The plates were incubated in candle jars at 37 °C, for 24-48 h. Antibiotic susceptibility discs including ampicillin, amoxicillin, gentamicin, and tetracycline (10-30 μg) were used as controls 27 . The experiment was performed in triplicate and the antibacterial activity was detected by the presence of inhibition of microbial growth around discs.
Only extracts of M. urundeuva and P. cattleianum presented antimicrobial activity on all tested microbial strains and were evaluated to determine minimal inhibitory and minimal bactericidal concentrations, as well time-kill curves.
o Determination of minimal inhibitory concentrations (MICs) and minimal bactericidal concentrations (MBCs)
In the tests to evaluate the MICs and MBCs only Streptococcus mutans ATCC 35688 and ATCC 25175, and S. sobrinus ATCC 33478 were used.
In order to determine MIC and MBC, plant extracts were added to Mueller Hinton broth supplemented with 0.5% yeast extract containing 10 5 CFU of the tested bacterial strain and two-fold serial dilutions of plant extracts, ranging from 0.125 mg/ml to 128 mg/ml. All tubes were incubated in candle jars at 37C, for 48 h. MIC was defined as the lowest concentration that was able to inhibit bacterial growth.
After incubation at 37 o C, for 24-48 h., aliquots of 100 μl from broth with no bacterial growth were plated onto tryptic soy agar supplemented with yeast extract and enriched with 5% horse blood and incubated at 37°C for 48 h. MBC was defined as the lowest concentration where no bacterial growth on agar plates was recorded . In all tests, sterile PBS and broth without plant extracts were use as controls. The inhibitory activities of M. urundeuva and P. cattleianum were similar (Table 1 ). In general MBCs were four up to 32 times higher than MICs. Time-kill curve of the aqueous leaves extracts from P. cattleianum and M. urundeuva showed similar results for all reference strains tested. A logarithmic reduction of the planktonic bacterial inoculum was achieved within 60 min after the aqueous extracts from P. cattleianum and M. urundeuva were added, regardless reference strain tested (Figure 1) . 
DISCUSSION
The control of oral biofilm is fundamental to maintain the balance between host immune defenses and microbial virulence, particularly for human populations living in isolated and poor areas in developing countries, where oral biofilm control is still a serious problem 5 and efficient therapeutic strategies to completely avoid its formation has not been yet universally established. Brazilian low-income communities use plant extracts to deal with biofilm associated diseases, but most of the natural products have not been scientifically evaluated so far 13 . Although the use of these products is usually empirical, it is based on the knowledge that plants produce bioactive compounds in response to environmental factors, such as microbial invasion or ultraviolet radiation 28, 29 . People living near the margins of the Amazon forest and in the savanna of the Central, North-Eastern, and NorthWestern Brazilian borders, as well other areas of developing world frequently appeal to natural medicines to overcome the lack of public and private medical care. Studies have shown that South America folk medicine provides a wide range of extracts with antimicrobial properties 24, 30 , but few studies testing natural extracts as antimicrobials against cariogenic microorganisms are available. The relevance of such issues resides on the ability to provide a fast reduction of microbial adhesion to dental surfaces or microbial viability and these properties are currently under trial to prevent infections associated to dental biofilm, particularly dental caries 12, 13, 16, 31 . In the present investigation, 138 vegetal extracts were obtained from 23 native species from Brazilian savanna, which is the second largest ecosystem of Brazil. Around 220 species from this biome are reported to be used as traditional medicine, but this number may be underestimated, once less than 1% of the pharmacological potential savanna's plants have been evaluated 32 . In this study, 7.1% of the tested extracts evidenced some inhibitory activity, a similar proportion to that verified by Anesini and Peres 33 . Only two extracts, Myracrodruon urundeuva and Psidium cattleianum, displayed satisfactory activity against all reference strains and clinical isolates. This phenomenon is remarkable, once it is estimated that each plant may represent five to ten structural possibilities of natural products 34 . M. urundeuva has anti-ulcerogenic, analgesic and anti-inflammatory properties 35, 36 and Psidium spp. has been used to treat scurvy, diarrhea, cough, pulmonary diseases and as an anti-inflammatory and hemostatic agent 37, 38 . Studies in vitro have evidenced that P. cattleianum is capable to reduce microbial viability and adhesion of cariogenic cocci 11 , reduce the expression of virulence factors 20 and enamel demineralization by these acidogenic Gram-positive microorganisms 21 . The mechanism of action P. cattleianum may be related to a reduction in the expression of the proteins linked to RNA synthesis, protein synthesis and catabolism, with especial distinction to enzymes required during glycolysis and lactic acid production, as previously evidenced 20 . Although little is known about the composition and mode of action of M. urundeuva, data in the literature shows that it has a similar composition to that of P. cattleianum 39 , suggesting that both extracts may have a similar mechanism of action.
Since mouthrinses and other chemical products are maintained at inhibitory concentrations in the oral cavity for short periods of time, it is relevant to evaluate the kinetics of antimicrobial activity of these extracts, since residues of these compounds might be kept in the oral cavity for sufficient time to interfere with the process of biofilm formation. The time-kill curves to cariogenic strains for aqueous extracts from M. urundeuva and P. cattleianum evidenced that both extracts were able to reduce 90% of planktonic microorganisms in less than one hour of contact.
CONCLUSION
Plant extracts obtained from Brazilian savanna display intense antimicrobial activity against cariogenic cocci and the most active extracts were obtained from P. cattleianum and M. urundeuva.
